bronchopleurocutaneous fistula, that responded dramatically to both intravenous and aerosol treatment with a customized four-phage cocktail (9) . Not only did the patient respond clinically, but repeat sampling could not detect any further P. aeruginosa. A beneficial response of this degree is virtually unknown with conventional antibiotic treatment.
Some would claim that phage therapy is the oldest chapter in the treatment of bacterial infections, dating back to work during the preantibiotic era in Russia. However, research at that time was never challenged by AMR pathogens, and antibiotic therapy rightly eclipsed phage therapy because it showed equal or greater efficacy and was substantially easier to administer, as was shown in the mouse model (8) . Conversely, phage involvement in human bacterial pneumonia has likely been occurring occultly for years. Shotgun metagenomic sequencing of BAL fluid from a culture-positive pneumonia occasionally reveals lytic bacteriophages (10) . The occult presence of bacteriophages may explain some of the variable response to antibiotic treatment in AMR HAP/VAP.
The challenges of phage therapy for AMR pneumonia are not insignificant. A great advantage of phage therapy is its high specificity; however, this approach requires a more accurate etiologic diagnosis than is currently used for broad-spectrum antibiotics. Even a clear-cut pneumonia diagnosis may be required, as Prazak and colleagues found that phages did not appear in the lung without the presence of pneumonia, and instead were cleared by the spleen (8) . Whether tracheal colonization or even purulent tracheobronchitis would respond to phage therapy is questionable.
Although they are generally specific, some S. aureus bacteriophages can also infect other gram-positive bacteria, including other staphylococci and streptococci. Because streptococci are a common component of the normal lung and upper-respiratory microbiomes (11) , the effect of a large therapeutic inoculum of an S. aureus lytic phage on the lung microbiome is currently unclear and a potential limitation of therapy. However, a Pseudomonas phage poses substantially less concern in this regard.
Just as with antibiotics, susceptibility testing is required for phage therapy. This is currently only available at specialized centers and requires growth of the actual pathogen before submission to these centers. Phage therapy will take longer than the current delay in antibiotic susceptibilities and will not be immediately available for patients with HAP/VAP who are in septic shock. Logistics will therefore be a major limitation for early adoption.
Concerns about the development of resistance over time with monotherapy led to the use of multiphage cocktails in both studies. A multiphage approach clearly limits this development of resistance (see Figure E1 in the online supplement of Reference 8). Bacteria have a repertoire of antiphage responses that likely exceeds that of antibacterial strategies, given the much longer exposure in nature. The emergence of resistance was found to be a cause of treatment failure in a wound infection study, one of the very few randomized controlled trials of phage treatment to be conducted in humans (12) . The bacterial clearance in the Pseudomonas pneumonia case despite the likely high bacterial load is therefore that much more impressive (9) .
The optimal method for delivering phage therapy for pneumonia is also unclear. Addition of aerosolized phages resulted in dramatic bacterial clearance in the Pseudomonas case (9), but intravenous-only administration did not result in eradication of MRSA in the experimental model (8) . A higher lung necrosis score was associated with nonsurvival (see Figure E3 in Reference 8) , raising concerns about intravenous delivery of both phage and antibiotic to the lumen of cavitary pneumonia. Phage therapy is not neutral for the host: phages may transcytose host cells and stimulate Toll-like receptor 9 and other pattern recognition molecules (13) . Generally, phage infusions or mucosal applications are well tolerated without an inflammatory signal, as was seen in the mouse model (8) . More importantly, neutralizing antibodies are common in individuals exposed to naturally occurring phages, and may blunt the benefit of intravenous therapeutic phage therapy. Because aerosolization is less likely to induce neutralizing antiphage antibodies and less likely to be blunted by preformed antibodies, this route may be preferred for pneumonia treatment in the critically ill.
Validation of the benefit of routine phage treatment of AMR pneumonia requires much more work. Only further data will demonstrate whether phage therapy is truly a new chapter in pneumonia treatment or just another interesting footnote. n 
